peratures, deep within the spin-glass phase (T ≪ T SG ) [12] [13] [14] [15] , suggestive of a charge glass transition as T → 0. The key question is how such an insulating, dynamically heterogeneous ground state evolves with doping and gives way to high-temperature superconductivity 16 .
On general grounds, the behavior near the zero-temperature SIT is expected to be influenced by quantum fluctuations. In case of the electrostatically-induced SIT 17, 18 , the scaling analysis of the temperature dependence of the resistance R(T ) in LSCO near the critical doping x c ≈ 0.06 was interpreted 17 in terms of models 19 where Cooper pairs emerge already on the insulating side 20, 21 : the transition is driven by quantum phase fluctuations and the localized pairs form a Bose glass. However, one could question whether the extrapolation of the experimental results to low temperatures is accurate, and whether the effects of electrostatic doping are equivalent to those of chemical doping. In this study, we use an independent and more direct technique to probe superconducting fluctuations and the properties of the insulating state near the SIT as a function of chemical doping; moreover, we extend the temperature range of measurements down to 0.3 K.
The 100 nm thick films of LSCO were grown by atomic-layer-by-layer molecular beam epitaxy (ALL-MBE), which provides exquisite control of the thickness and chemical composition of the films 22 (see Methods). The samples with 0.03 ≤ x ≤ 0.06 show insulating behavior in the in-plane R(T ), while those with 0.065 ≤ x ≤ 0.08 become superconductors below the critical temperature T c (x) (Fig. 1 ). Compared to LSCO single crystals 23 , we find that the films are more resistive for the same nominal doping. However, while insulating R(T ) for x = 0.03 and 0.05 samples is described well by two-dimensional variable-range hopping 15 , the resistance increase with decreasing temperature is much weaker for x = 0.055 and x = 0.06 and cannot be fitted to any simple functional form. 
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At the onset of the charge glass regime in LSCO single crystals with x = 0.03, observed at T ≪ T SG , a difference appears between zero-field resistance R(H = 0) measured after zerofield cooling and cooling in a magnetic field 12, 14 . This difference becomes more pronounced with decreasing temperature and it reflects the presence of frozen AF domains, such that only holes in the domain boundaries contribute to transport. The magnetic field affects the domain structure because there is a weak ferromagnetic moment 24 , oriented parallel to the c axis, associated with each AF domain. We find that all non-superconducting LSCO films exhibit such history dependence
, where T † does not depend on the magnitude or the orientation of the magnetic field used during field cooling, but it decreases with doping.
Another manifestation of the onset of the charge glass behavior in strongly insulating, lightly doped La 2 CuO 4 is the emergence of a hysteretic, positive magnetoresistance at low fields 12, 14, 15 .
In LSCO films that exhibit variable-range hopping transport, this effect is indeed observed at low enough temperatures (Fig. 3a,b) , giving rise to the history dependent zero-field resistance and memory 15 . The magnitude of the hysteretic, positive magnetoresistance is comparable for both H c and H ⊥ c, as observed in single crystals 12, 14 . A small increase in doping from x = 0.05 to 0.055, however, leads to dramatic changes in the magnetoresistance when the field is parallel to the c axis (Fig. 3c,d ). The magnetoresistance increases by almost an order of magnitude, and its positive component dominates in the entire experimental field range. The hysteresis, however, is observed only over a limited range of the positive magnetoresistance, in contrast to the behavior in more insulating films (Fig. 3a,b) . The results indicate that, in films with x = 0.055 and x = 0.06, another mechanism, most likely the suppression of superconducting fluctuations, also contributes to the positive magnetoresistance. This is confirmed by measurements with field applied parallel to the ab planes, which show that the non-hysteretic positive contribution is much weaker in that (Fig. 4) , as expected. We note that the H ′ c (T ) line is well fitted by In order to explore the coexistence region in more detail, we calculate the SCF contribution to the conductivity 25, 26 ∆σ SCF (T, H) = ρ −1 (T, H)−ρ −1 n (T, H) using the measured resistivity ρ(T, H) and the normal-state resistivity ρ n (T, H), where ρ n was obtained by extrapolating the region of H 2 magnetoresistance observed at high enough fields and temperatures ( Fig. 3e ; see also Supplementary Figs. 1 and 2 ). We emphasize that ∆σ SCF (T, H) is not very sensitive to the values of H ′ c , because the magnetoresistance at high fields is weak, i.e. the slope α of the H 2 dependence (see it seems to be the case in some conventional superconductors 35, 36 .
The competition between charge order and superconductivity was revealed recently in YBa 2 Cu 3 O y , a less disordered copper oxide, using nuclear magnetic resonance in the presence of high magnetic fields 37 that were required to destabilize superconductivity. In contrast, our data show that the charge order in non-superconducting LSCO samples is present already in zero magnetic field. These findings strengthen the idea that there is an intrinsic charge ordering instability in the CuO 2 planes.
Methods
The LSCO films were grown by atomic-layer-by-layer molecular beam epitaxy (ALL-MBE) 22 on 
